Summary
Daily autoclaving of drinking-water bottles or dally replacement of their contents resulted in drinking water hygienicaIly acceptable for laboratory rats. However, dally autoclaving of the bottles imposes an additional workload which many institutions cannot afford. The dally replacement of the drinking water is not desirable, since with the usual routines it is virtuaIly impossible to guarantee a bottle is returned to the same cage.
A reliable method of preventing bacterial growth for more then 1-2 days in the drinking water of conventional laboratory rats is its acidification with hydrochloric acid to pH 2·3-2·5.
A drinking bottle on every cage is still more common than automatic watering systems in laboratory animal facilities. Estimates from well-known German manufacturers of caging equipment range from 60-80% for the bottle watering system. Almost 85% of the animals housed in plastic cages receive their drinking water from a bottle; about 70% of the rabbits still drink from bottles. In commercial breeding facilities and in the animal units of industrial firms automatic watering systems are more widely used; whereas in laboratory animals facilities in universities the individual drinking bottle is utilized almost exclusively.
Lane-Petter & Pearson (1971) have pointed out that drinking water is a most important vector for infections. On the cage water in a bottle may come in contact with the mouth, saliva, feet, hair, urine, and faecal material of the animals, as well as with food and bedding particles. Due to the relatively high temperatures in animal accommodation bacteria, once introduced, will propagate rapidly in the water, and within 1-2 days a rich culture will develop.
It is surprising that little information on the subject of the hygiene of drinking water for laboratory animals is contained in the literature (whereas in the soft drink, dairy product, and wine and beer industries the hygiene of the bottle is of primary concern). The Received 14 April 1979. Accepted 11 October 1980 literature contains general, unspecific information on washing temperature for, autoclaving or chemical disinfection of bottles, and the frequency of change, as well as on the physical and chemical treatment of drinking water for laboratory animals (sterilization, filtration, irradiation, disinfection, acidification, and treatment with antibiotics). Juhr, Spranger & Haas (1977) studied the microbiology of drinking water and found more than 1000 bacteria per 1 ml in untreated and in autoc\aved drinking water after 2-3 days, and.in chemically-treated drinking water after 4-7 days. , ."
The object of this investigation was to determine the rate of bacterial growth after different hygienic treatments of the bottle and the drinking water, and to propose a program for their treatment in conventional animal facilities.
Materials and methods

Animals and housing
Female Han:Wistar rats, 3 months of age, were individually kept in plastic cages (type III) on sawdust or in stainless-steel wire-bottomed cages (type III). They were fed ad libitum (diet 1314; Altromin International, Lage, FRG). They were housed conventionally in a partially air-conditioned room with daylight, at 23 ± 2°C and 55 ± 5% relative humidity.
Bacteriology
Total bacterial count of the drinking water was determined on dextrose-peptone agar (CM 13; Oxoid Deutschland GmbH, Wesel, FRG) incubated at 18-20°C for 48 and 72 h, as well as on dehydrated thioglycolate gelatine medium (0530-01, Difco Laboratories, Detroit, USA) incubated at 18-20°C for 48 and 72 h.
Enterobacteriaceae counts were estimated in 100 ml of water or, if the water was highly contaminated with bacteria, in 1·0 ml using the membrane filtration method (Filter No. HAWAG 047 SI; Millipore GmbH, Neu 1:senburg, FRG) and culturing on endoagar (CM 479; Oxoid Deutschland GmbH).
Samples from each drinking bottle were taken on 5 consecutive days and immediately cultured. A control bottle was kept sealed in the same animal room without coming into contact with an animal and the water also examined daily. Every experiment was repeated a week later.
Drinking bottles and their treatment
Graduated plastic bottles with a capacity of 500 ml, without rubber sealing rings, were used throughout. The bottle caps were made of stainless-steel with a drinking canula of 20 x 2 mm (internal diameter).
The, effects upon the bacteriological status of the water .of 2 methods of treatment of the bottles and their caps were studied. Cleaning in a laboratory glassware washer (Meteor Brillant; Gilowy GmbH & Co, Neu-Isenburg, FRG) at 80°C using an alkaline detergent, a mild alkaline detergent, or a phosphate-based acid detergent (respectively 'Neodisher A8', 'Neodisher MA' and 'Neodisher N'; Chemische Fabrik Dr Weigert, Hamburg, FRG).
Autoclaving for 30 min at 116°C.
Drinking water and its treatment
Bottles were filled with 500 ml tapwater from the municipal water system of Dusseldorf. The total count in this water was less than 6 bacterial 100 ml. Enterobacteriaceae were not seen. The following 3 types of drinking water were used. Antibacterial treatment of animal drinking water Untreated: to prevent contamination from the water pipes and the tap the water was allowed to flow freely for 30 min before any was taken for use. Care was taken not to touch the taps with the bottles.
Heated: the tap water was heated to boiling for 10 min and then cooled to 4°C before using it the next day.
Acidified: a pH of 2·3-2·5 was obtained by adding 4 ml of 25% hydrochloric acid to' 5 litres of tap water.
During the course of one experiment the water either remained in the bottle for 5 days or it was completely replaced daily. The bottle and its cap were returned to the same animal.
Results
In the 1st experiment a comparison was made between bottles cleaned at 80°C in the laboratory glassware washer and the additional autoclaving of such bottles. The parameter studied was the bacterial growth in the drinking water in these bottles during 5 days on the cage. In addition the effect of treatment of the drinking water was examined. The results are given in Fig. 1 .
In untreated drinking water in autoclaved bottles 100-1000 bacteria/ml were counted after 1-2 days in almost all the samples. This bacterial level no longer conformed to the German Industrial Standar<\ for drinking water for human consumption (DIN 2000 (DIN , 109 1973 ), which is a maximum of 100/ml. After 3 days some total count had increased to over 10 000 bacteria/ml. After obtaining these results, the bacterial counts in the untreated drinking water in bottles that were only cleaned at 80°C in the glassware washer were not studied because high contamination would have been a certainty after 24 h.
Heat-treated drinking water in autoclaved bottles conformed to the DIN standards for only 1 day, after which the count rose to more than 100 bacteria/mI. Similar results were obtained with washed bottles, but with these the count increased more quickly to more than 10000 bacteria/ml after 3 days in all samples
In acidified water, pH 2·3-2·5, no bacterial growth was seen after 5 days with either the washed or the washed and autocalved bottles. However, completely sterile drinking water was not achieved.
In the 2nd experiment untreated and heat-treated drinking water were compared. The water remained in the bottle for 5 days or was completely replaced daily. All bottles were autoclaved before use. The effect on the bacterial count of housing the animals in plastic cages on wood shaving or in wire-bottomed, stainless-steel cages was also studied. The results are shown in Fig. 2 . Usually the count was lower on the 2nd day in the heat-treated water by a factor of 10. When using untreated water the bacterial count increased somewhat slower if the water was replaced daily, an affect that was not evident when using heat-treated drinking water. Housing the rats in wire-bottom cages did not have the positive influence on the hygiene of the drinking water that might have been expected.
In all experiments Enterobacteriaceae were only rarely found in the drinking water.
Discussion
Under conventional laboratory animal housing conditions the bacterial count in the animals drinking water is influenced by so many factors that it is difficult to draw precise conclusions. In our facility, with only partially air-conditioned rooms, we found that the total count in the water depended on, among other factors, the temperature in the animal room, which in turn was influenced by the outside temperature. As a result higher bacterial contamination was seen during the summer. It was also observed that the drinking water of some animals routinely contained a higher bacterial level, probably attributable to the behaviour of the individual rats.
These studies show that cleaning the drinking bottle at 80°C in an automatic glassware washer is in no way satisfactory from the hygienic standpoint. While autoclaving of the bottle is clearly superior, it must be done daily, as high bacterial contamination of the drinking water is already evident after 48 h on the rat cage.
Boiling the drinking water is of no great advantage in respect to the rate of development of the total DIN 2000 DIN (1973 . Leitsatze fiir die Zentra/e Trinkwasserversorgung. Juhr, N.-C., Spranger, A. & Haas, A. (1977) . Erhaltung der Triinkwasserqualitiit beim Verbrauch-Versuche zur "Triinkwasserkonservierung". Zeitschrift fiir Versuch· stierkunde 19, 147-154.
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Tober-Meyer & Bieniek bacterial count. This could be expected since the municipal tapwater usually had a very low count. Daily complete replacement of the drinking water results in reduced counts for about 2 days. However, this practice should be strictly avoided because in the daily routine it is virtually impossible to guarantee that the same drinking bottle will be returned to the same cage, so that the container for the drinking water could become a dangerous vector for the spread of infectious diseases.
These studies clearly indicate that a reliable method of preventing bacterial growth for more than 1-2 days in the drinking water of conventional laboratory rats is acidification. Only this allows the drinking bottle to remain on the cage for several days, thus avoiding the added work load of daily replacement, cleaning and autoclaving.
We have based this discussion upon the DIN 2000 (1973) since standards have not been established for drinking water for laboratory animals. Considering the favourable conditions for the propagation of bacteria within drinking-water bottles maintained at room temperature, and the possible consequent spread of infectious diseases, it must be recommended that similar standards be defined for the drinking water of laboratory animals.
At the very least these studies indicate that if a high standard of hygiene is to be attained in laboratory animal facilities the elementary question of the treatment of the drinking bottle and the drinking water must be given serious consideration. 
